Our previous report illustrated that the epithelium of the human esophagus has numerous lymphocytes and Langerhans cells with Birbeck granules. In the present study, the distribution of Langerhans cells in the human esophagus was examined immunohistochemically. The human esophageal specimens were obtained by the surgery for esophageal carcinoma with informed consent. The tissue blocks were fixed with 10% formalin and embedded in paraffin. The thin sections were treated with anti-S-100 protein antibody, placed in IgG-gold (5 nm) solution as a second antibody, and then sensitized with the physical development method. The Langerhans cells, which showed a positive immunoreaction for the S-100, were distributed within the epithelium throughout the esophagus. Their distribution patterns differed according to the region of the esophagus. The Langerhans cells tended to increase in number as they moved further from the oral cavity toward the abdominal part. In this study, it was suggested that they played important roles in the immune response of the human esophagus.
I. Introduction
The esophagus, which is the muscular tube from the oral cavity to the stomach, consists of stratified squamous epithelium.
Immunohistochemically, many immunopositive cells for CD4 or CD8 are found within the epithelium as well as in the lamina propria mucosae in the human esophagus [4] . On the other hand, transmission electron microscopic observation of the human esophagus demonstrated that Langerhans cells were also present within the stratified squamous epithelium [4] . The ultrastructure of Langerhans cells in the human esophagus was clearly identical with that of the human skin [8] . Langerhans cells were characterized by the presence of lobed nuclei, cytoplasmic processes and Birbeck granules. However, there are no definite reports on the distribution of Langerhans cells in the human esophagus.
Immunohistochemically, Langerhans cells were positive for HLA-DR or S-100 protein antibody [6] . In this study, we focused on the differences in the regional distribution of Langerhans cells in the human esophagus, and investigated them using the immunogold-silver method modified by us.
II. Materials and Methods
Human esophagi were obtained, with informed consent, from eleven adult patients who underwent surgery for esophageal carcinoma at the Oita University Hospital. The esophageal tissue was divided into three parts: cervical, thoracic, and abdominal. Tissues from the three parts were sampled from each esophagus. In total we used 33 samples from eleven cases.
Esophageal tissue blocks from each part were longitudinally cut into 5 mm thick slices with razor blades, fixed with 10% formalin, dehydrated in an ethanol series, cleared in xylene, and embedded in paraffin wax. Five mm-thick sections were prepared and mounted on glass slides. They were dewaxed in xylene, hydrated through a graded ethanol series and subjected to the immunogold-silver method. Briefly, the sections were treated with rabbit anti-cow S-100 protein antibody (Dako, Germany) at a dilution of 1:1000 in PBS for 2 hr at room temperature. They were incubated with 5 nm gold-labeled goat anti-rabbit IgG(H+L) antibody (Amersham Bioscience, UK) at a dilution of 1:80 in PBS for 1 hr at room temperature. Then, the physical development method, which is one method for intensifying the immunohistochemical reaction product, was carried out. The physical developer was a mixture of A and B solutions, as shown in Table 1 . Solution A contained 10% AgNO3 in distilled water and crown ether. The crown ether was dissolved in distilled water just before adding it to the 10% AgNO 3 solution. For preparation of solution B, hydroquinone was dissolved in 0.2 M citric acid buffer solution (pH 3.45). The pH of the citric acid buffer was very important. The solution A and B were mixed immediately before physical development. The physical development was carried out at 23°C for 28 min. After being washed in running tapwater, specimens were immersed in a 20% sodium thiosulfate pentahydrate solution, and washed again in running tapwater.
They were counterstained with 0.1% Kernechtrot in 5% aqueous aluminium sulfate, rinsed in running tapwater, dehydrated in an ascending ethanol series, cleared in xylene, coverslipped with Entellen new (Merck), and observed by light microscope.
On the other hand, the human esophageal tissue was prepared for transmission microscopy.
The tissue blocks were fixed in Karnovsky's fixative solution, followed by 2% osmium tetroxide for 2 hr at 4°C. After dehydration through a graded ethanol series, they were embedded in Epon. Ultrathin sections were made and stained with uranyl acetate and lead citrate. Specimens were observed with a JEOL 100-CX transmission electron microscope (JEOL, Tokyo) at an acceleration voltage of 80 kv.
III. Results

Transmission electron microscopic findings
In the human esophagus, Langerhans cells were found within the stratified squamous epithelium (Fig. 1) . The cells The developer was a mixture of A and B. Physical development was carried out at 23°C for 28 min. showed a less electron-dense appearance, and were characterized by the presence of cytoplasmic processes. The nuclei varied in shape and were either oval-shaped or constricted shaped. The cytoplasm of Langerhans cells had small mitochondria, polysomes, rough-surfaced endoplasmic reticulum, glycogen particles, and Birbeck granules. The number of the Birbeck granules varied according to the individual cells. Numerous desmosomes were observed between the esophageal epithelial cells, but not between the Langerhans cells and the epithelial cells or between the Langerhans cells.
Immunohistochemical findings
Eleven adult human esophageal tissues were investigated immunohistochemically by using anti-S-100 protein antibody. In this study, we applied the physical development method after immunostaining with anti-S-100 antibody. Non-specific background immunostaining was suppressed, and S-100 protein immunopositive cells were recognized distinctly (Fig. 2a) . It was very easy to distinguish the immunopositive cells from other immunonegative cells. Throughout the control stainings, no distinct positive reactions were obtained (Fig. 2b) . S-100 protein in immunopositive cells had cytoplasmic processes, and were identified as Langerhans cells. They varied in size, and their nuclei were oval or had long spikes. The cells showed immunopositive reactions throughout the cytoplasm (Fig. 2a) . In all specimens examined, Langerhans cells were recognized not only within the esophageal epithelium but also in the lamina propria mucosae.
They were abundantly distributed in the basal layer of the stratified squamous epithelium, especially around the propria papillae (Fig. 2a) , and were not found in the superficial layer. In the lamina propria mucosae, S-100 protein immunopositive Schwann cells were also observed.
Also in the esophagus, Langerhans cells could be detected in all of the cervical, thoracic and abdominal parts (Fig. 3) . We counted the number of immunopositive cells seen within the epithelium. The average of the S-100 protein positive cells were 67 in cervical esophagus, 76 in thoracic and 83 in abdominal. The correlation between these values for the three parts was analyzed using non-correspondence t-test. There were no statistically significant differences between the three parts. The number of Langerhans cells tended to increase toward the abdominal part.
IV. Discussion
Physical development is one method for intensifying the immunohistochemical reaction product. So far, Danscher's developer [2] has been widely utilized for histochemical studies, but it is not always stable. We thus made a new type of physical development method [9] , which showed higher sensitivity and suppressed non-specific staining. This physical developer contains silver nitrate as silver supplier, bromohydroquinone as developing agent, and gum Arabic. The gum Arabic colloid had to be ultracentrifuged to remove the unwanted elements of gum, hence it was labor-intensive. In the present study, a simplified physical developer without gum Arabic colloid was applied. It was expected that the physical developer would be more stable and more effective. In conclusion, the developer containing crown ether was considerably useful.
It is well known that epidermal Langerhans cells have cytoplasmic processes, irregular nuclei and Birbeck granules in the cytoplasm [1, 10] . Langerhans cells in the human esophagus were also examined by electron microscopy [8] . They were distributed within the stratified squamous epithelium, which showed the same morphological features as those of epidermal Langerhans cells. The present TEM study also confirmed that the esophageal Langerhans cells occurred within the epithelium [8] . On the other hand, immunohistochemical studies already illustrated that the human epidermal Langerhans cells were more positive for anti-S-100 protein, anti-MHC-Class II protein, anti-CD54, anti-CD80, anti-CD 86, and anti-CD40 [2, 4] . In the present study, only anti-S-100 protein antibody was used to identify Langerhans cells. The S-100 protein immunopositive cells were observable in all esophagi examined.
In the present study, we counted the number of Langerhans cells in the cervical, thoracic and abdominal parts. The number of esophageal Langerhans cells tended to increase from above downward, suggesting that the esophageal epithelium in the abdominal part is exposed to more antigens. Further, the cervical part is situated near to the palatine tonsil and the pharyngeal tonsil, and so the Langerhans cells in this part may be smaller in number than other parts.
There are a few reports that the local inflammation in the skin increases the immunostaining sensitivity for anti-S-100 antibody [5, 6] . In contrast, exposure to UVB radiation resulted in reducing the number of epidermal Langerhans cells and lymph node dendritic cells in mice [7] . In addition, the number of Langerhans cells in skin carcinoma decreased not only in the carcinoma area but also in the other parts [1] . In the present study, we investigated the distribution of Langerhans cell in the human esophagus. Since the human materials were obtained from an intact part of an esophageal cancer specimen, it remains unclear whether or not the number of esophageal Langerhans cells is related to the esophageal carcinoma.
In conclusion, it is hypothesized that the esophagus has important immunofunctions, and in the near future we intend to study both healthy and cancer-inflicted esophagus from the viewpoint of immunological roles.
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